Supplementary Figure 1: Absorbance and photoluminescence spectra. UV/Vis absorbance and photoluminescence spectra of (a) SiIDT-2FBT and SiIDT-2FBT/PC70BM (1:2) thin films and (b) SiIDT-DTBT and SiIDT-DTBT/PC70BM (1:3) thin films. The films were prepared following published device film fabrication procedures. 1 Photoluminescence quenching by PC70BM in both blends was found to be ~96 %. The thickness of the films is 44±7 nm for SiIDT-DTBT/PC70BM and 67±5 nm for SiIDT-2FBT/PC70BM. Supplementary Figure 2: Microsecond transient absorption spectroscopy of SiIDT2FBT and SiIDT2FBT/PC70BM. (a) Transient absorption spectra of thin SiIDT-2FBT film. Sample was excited with 635 nm laser pulses with 13.4 µJ.cm -2 . (b) Single wavelength kinetics of SiIDT-2FBT measured at 1000 nm with 635 nm, 3.1 µJ.cm -2 excitation under constant oxygen and nitrogen flux. (c) Single wavelength kinetics of SiIDT-2FBT/PC70BM
thus extracted. A comparison of the triplet absorption at 300 ns after light excitation in the neat polymer and blend film shows that triplet generation in the blend is 3 times more efficient than in the neat polymer film. S 1 (S1) and T 1 (T1) are the lowest-energy singlet and triplet excited states, respectively, calculated for an isolated oligomer. The 1 CT 1 (1CT1) energy is the energy of the Coulombically-bound electron-hole pair across the interface. The triplet 3 CT 1 state is not shown but its energy is calculated to be almost degenerate with the singlet 1 CT 1 . 
Supplementary
). Supplementary Table 3 . Excited state energies and energy differences for different oligomer sizes. For each trimer two additional oligomer-fullerene configurations were considered: (i) PC70BM displaced 2 Å along the oligomer axis (value in brackets for the 1 CT 1 ), and (ii) a 'linear' oligomer replaced with the wavy Head-to-Tail conformer ('wavy').
Supplementary Note 1. Polymer and triplet exciton spectra. The polymer triplet absorption spectrum, included in Figure 2b was obtained from the microsecond transient absorption spectra of the neat polymer film as shown in Supplementary Figure 2 . The polymer polaron spectrum in Figure 2b was obtained from the blend transient absorption spectrum recorded after 3 microseconds time delay in which the polymer triplet absorption after 3 microseconds is assumed to be negligible. Fullerene-oligomer pairs were constructed in a three step process. Firstly, the ground state geometry of the oligomer with methyl groups replacing the lateral alkyl chains was optimised at the DFT (B3LYP/6-31G(d)) level. 2 The calculated torsional potential between the SiIDT and 2FBT units ( Supplementary Figure 7b) indicates that the optimum ground-state conformation is planar, with the barrier having risen to 25 meV at ±20 degrees from planarity in the gas phase (suggesting thermal fluctuations in torsion of ±20 degrees at 300 K). For non-fluorinated SiIDT-BT the torsional potential is shallower, allowing thermal fluctuations of ±40 degrees. This difference can be attributed to additional non-bonding interactions present between the fluorine atoms on the BT unit and sulphur or C-H groups on the SiIDT moiety. 3
The torsional potential for the SiIDT-DTBT similarly has a minimum for planar structures and is shallower than that for Si-IDT-2FBT. Both polymers can potentially form a variety of different conformations that are compatible with the optimum planar structure. We consider just two, (1) where the two thiophene units or fragments flanking the BT are both oriented so that their sulphur atoms point away from the thiodiazole unit, which we denote as 'wavy' and
(2) where the two thiophene units or fragments flanking the BT are oriented in opposite directions, which we denote as 'linear'. The particular structures studied are shown in Supplementary Figure 7 . Although for both systems the 'wavy' conformer is found to be more stable from the gas phase calculations, we choose to consider henceforth only the 'linear' conformers. We select these structures because the linear conformers are better able to organise into ordered domains, as required from the observed tendency of SiIDT-2FBT to crystallise and because the difference in the gas phase energies relative to the minimum energy 'wavy' conformers is only 0.013 and 0.026 eV per repeat unit for SiIDT-2FBT and
SiIDT-DTBT, respectively. The higher tendency of SiIDT-2FBT to crystallise is probably influenced by the planarisation induced by fluorination.
In the next stage, the structure of the PC70BM molecule is optimised, using DFT with B3LYP/6-31G(d), and then placed in the space between the side chains of the optimised oligomer and above the acceptor (BT) unit in such a way that a hexagonal facet of the PC70BM is almost cofacial (i.e. slip-stacked orientation) with the 6-atom (benzoid) ring of the BT. The edge to edge oligomer-fullerene separation is set to 3.5 Angstroms. This is informed by a separate geometry optimisation with the ωB97XD functional. This functional contains We now investigate the excited state energy level alignment of the different systems ( Supplementary Figure 8 and Supplementary Table 3 ) in order to understand why long-lived charge pair generation appears to be less efficient for SiIDT-2FBT:PC70BM blends than for
SiIDT-DTBT in spite of favourable microstructure properties (high polymer crystallinity and intercalation of PC70BM between the polymer side chains). We aim to address two important mechanisms with regard to charge separation and device performance: (i) the role of 'excess energy' (| 1 CT 1 -S 1 |, Supplementary Figure 8b ) inherited from exciton generation upon light absorption and (ii) the possibility that the charge-transfer excited state recombines into a neutral triplet excited state in one of the two materials (|T 1 -1 CT 1 |).
First, we notice that in both cases the driving force for charge separation via the lowest 1 CT 1 states, quantified as the difference between the first singlet and the lowest CT state, 1S-1 CT1, is small (0.21 eV for SiIDT-DTBT and 0.15 eV for SiIDT-2FBT) (note that for P3HT it is ~0.9 eV) 4 ; however this driving force is slightly higher (by ~0.06 eV) for the SiIDT-DTBT:PC70BM system. In addition, for both model systems the triplet energy (T 1 ) is significantly lower (by 0.35 eV in both systems) than the lowest CT state ( 1 CT 1 ). Both the small 1S-1 CT1, energy and the substantial 1 CT1-1T energy are detrimental as they tend to limit charge separation and favour recombination to triplets. However, there is one feature that differs in the two systems: for SiIDT-DTBT:PC70BM the first higher lying ('hot') CT-state (namely 1 CT 4 ) is almost resonant (~0.01 eV higher) with the lowest oligomer singlet (S 1 ), while for SiIDT-2FBT:PC70BM the 1 CT 4 state lies 0.1 eV higher and is therefore less accessible energetically from the S1. The energy alignment of the S 1 and 1 CT 1 remains almost unaltered when sliding the PC70BM by 2 Å away from the initial position along the Figure 9a ). This is not the case for SiIDT-DTBT:PC70BM, where the additional thiophenes on both sides of the BT unit reduce its electron withdrawing character, allowing the electron to localise on the fullerene (Supplementary Figure 9b) .
Importantly, the hole wavefunction of the 1 CT 4 state is more delocalised than in the 1 CT 1 state in each case, so that the average electron-hole separation is higher when the system lies in the 'hot' rather than the 'cold' CT states. Transient photocurrent was performed at short-circuit under different illumination intensities, as described previously. Through the method of differential charging it is also possible to obtain the charge carrier density at open-circuit. 5
The J-V curve can be described as the competition between a generation flux ( ) and recombination current ( ) such that ( ) ( ). Assuming field independent generation and no non-geminate recombination at short circuit, we make the approximation . Assuming only non-geminate losses as measured by CE and TPV we calculate ( ) using:
Supplementary equation 1: ( ) where e is the electronic charge, d is the active layer thickness and , and are experimentally derived constants defined previously. As shown in Figure 4b the resulting J-V reconstruction is a poor match to the experimental data. For the field dependence observed in SiIDT-2FBT/PC70BM, a field dependent geminate recombination is included in the generation term, such that ( ) ( ), where has the form of a quadratic. In
